The relationship between democracy and science has long been discussed by scholars. However, the question has not been adequately addressed empirically at the international level. Using panel data on 161 countries over a seven-year period, we estimate the effects of democracy on scientific influence, controlling for globalization, population size, publication output, and level of international research collaboration. The results show that countries with higher levels of democracy tend to have higher impact science.
Introduction
Studies of science policy have long suggested that political, economic, and scientific systems are interdependent, but the nature of the relationship and the direction of causality remain unclear. Jasanoff (2011) noted that political culture is linked to scientific culture, with the two co-producing a system of knowledge creation. Stirling et al. (2018) noted that social progress owes a great deal to public support for science and technology; there is a broadening political acceptance of this view worldwide. However, empirical studies have yet to adequately address questions about the relationship between forms of government and the performance of national systems of science.
At the macro-level, the relationship between democracy and science has mostly been examined conceptually and with the use of exemplar cases, e.g. Merton (1973) , Popper (1966), and Kitcher (2003) . For instance, Popper (1966) argued that the open society permits greater contact with new ideas from abroad and those that arise internally. Recent research on international scientific openness and mobility also suggest a positive effect on national systems of science (Wagner et al. 2018a (Wagner et al. , 2018b . However, the relation between varieties of democracy, openness, and science remains unclear (Gao et al. 2017 ). This paper follows on research about openness, mobility and scientific impact, by comparing national measures of scientific influence to measures of governance and globalization.
This research note addresses the general research question, what is the relationship between democracy, globalization, and the impact of scientific papers among a large sample of 161 countries in the international system. We combine longitudinal data from the Economist Intelligence Unit's Democracy Index from 2008 to 2015 with data from Scopus on the production, collaboration, and impact of scientific research, and from the KOF globalization index, aggregated at the country level. We find strong correlations for democracy, globalization, and scientific impact. Results show that political culture has the strongest relative estimate among the democracy sub-components. We also find consistent positive results for globalization on science. Wiesner et al. (2018) suggest that democracies may permit greater structural complexity and stability. Since science operates as a complex, loosely-coupled system with an emergent networked architecture (Wagner, 2008; Simon 1996) , the mutual complexity of democracy and science may produce benefits for both. In addition to providing increased mobility and openness, the decentralization of political power in democracies may provide structural conditions for the emergence of complex interactions needed in science, technology, and innovation.
Literature
Merton (1973) suggests that democratic forms of government and the enterprise of science are compatible because of the shared feature of universalism. Merton defines the concept of universalism as "preestablished impersonal criteria: consonant with observation and with previously confirmed knowledge" (Merton, 1973, p. 270, emphasis in original) . Merton (1973) suggests: "The imperative of universalism is rooted deep in the impersonal character of science", which clashes with discrimination based on personal or group identities. In a sense, democracies seek to decentralize power to the individual rather than centralizing it in a ruling class. However, Merton is unclear whether science itself should be democratic or whether science operates better within a democracy. In contrast to democratic governments, Merton (1973) suggests autocratic governments impose centralized control and social divisions that infringe on free inquiry: "In modern totalitarian society, anti-rationalism and the centralization of institutional control both serve to limit the scope provided for scientific activity" (Merton 1973, p. 278) . However, Mokyr (2017) suggests democratic societies often constrain science to obtain certain outcomes.
As Popper (1966) suggested, closed autocratic societies tend to be philosophically situated on fixed but fragile historicist visions, which science threatens to undermine. Antiquated scientific conceptions emphasized "methodological essentialism" that attempted to identify unchanging Platonic forms underlying empirical phenomena. While compatible with an autocratic Republic envisioned by Plato, contemporary science challenges these fixed historicist visions. As the argument goes, scientists must be free to pursue inquiry, and open societies provide a better context for the flourishing of scientific activity.
The argument for the democracy-science connection may be extended through an analysis of structural complexity (e.g. Wiesner et al. 2018) , where the organizational/institutional structure of science is critical to progress. The contemporary structure of science is decentralized in a modular global network with self-similar structure up and down levels of analysis (Wagner & Leydesdorff, 2005; Wagner, Whetsell, & Leydesdorff, 2017) . As Simon (1996) observed, modular loosely coupled hierarchies can be more efficient at handling uncertainty than fully centralized hierarchies. Kontopoulos (2006) refers to this type of structure as a heterarchy.
The democracy-science compatibility thesis, however, is not given among scholars of science and technology studies. Nahuis & Van Lente (2008) suggests the direction of causality might be reversed. In this view, it isn't that democracy enhances science, but that science may undermine or displace democracy. Studies of science and technology have examined public participation in science (Lengwiler 2008) , responsibilities of science given a democratic context (Stilgoe, Owen, & Macnagthen, 2013) , and the potential dangers of science in undermining democracy (Durant, 2011) . This is a sensible concern given the potential dangers that science poses to human subjects, with numerous examples of "administrative evil" unfolding in the name of scientific progress (Adams & Balfour, 1998) . However, in a similar sense, democracy may also pose a unique threat to scientific innovation. Gao et al. (2017) recently tested the hypothesis of whether democracy is conducive to technological innovation. They were unable to show such a relationship between democracy measures and patent data in their analysis. They do however confirm an emerging body of literature that suggests openness can be a strong factor in scientific and technological progress. Indeed, national openness appears to be strongly associated with scientific impact, where openness is operationalized through international co-authorship data and mobility statistics on the scientific workforce (Wagner et al. 2018a (Wagner et al. , 2018b Chinchilla-Rodríguez 2018; RobinsonGarcia et al. 2019) .
The degree to which a society is subjected to new ideas does not only depend on the extent to which indigenous flowers are allowed to bloom. New ideas, technologies and values may also originate from beyond the national context. Contacts with other cultures through trade and cultural exchange have been at the basis for many scientific and technological advances over the course of the past centuries and the degree of receptiveness to foreign ideas may explain a large share of the difference in long term scientific and technological performance between countries over time (Mokyr, 2017) . Taylor (2016) argued that the extent to which societies are integrated in the global system measured in terms of trade, investments, culture and political ties following the KOF Globalisation index (Dreher, 2006; Gygli et al., 2018) could explain a relatively large degree of the variation in technological performance of countries. This article will also conceptualize openness in terms of the KOF measures of integration in the world economy.
Research Question: What is the relationship between democratic governance, globalization, and scientific research at global scale?

Methods
Data:
We use the Economist Intelligence Unit Democracy Index data (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , which quantifies the level of democracy for 167 nations, 2009 is missing. As a robustness check, the Democracy Index results are compared with Polity IV data (Marshall, Jaggers, & Gurr, 2002) . These approaches are both recognized as important measures of democracy (Green & Gallery 2015) . Elsevier 's bibliometric data are used for measures of science, aggregated at the national level. The KOF globalization index was used for globalization (Dreher, 2006; Gygli et al., 2018) . World Bank Open Data were used for population size.
Variables: The democracy index (DemIndex) is a composite index of the five subcomponents, which are derived from sixty measures. The components include, functioning of government, electoral process and pluralism, political participation, civil liberties, and political culture. All are on a scale from 0-10. As a robustness check, two measures from Polity IV were used (Polity2 and Democ): Democ is a measure of democracy, 0-10 scale; and Polity2 includes democracy and autocracy, -10 to 10 scale. The KOF globalization index (GlobIndex) is a composite of numerous measures with three sub-factors: economic, social, and political. Control variables include countries' percentage of papers that are international (PercInternational), a fractional count of the number of papers produced by the country, which has been standardized (NumPubs); and the log of the population size (Ln(Population)). Per capita GDP was considered, following Gao et al. (2018) , but the measure is highly correlated with GlobIndex. For scientific impact, we use Elsevier's fractional field weighted citation index (FracFWCI), used previously in Wagner et al. (2018a Wagner et al. ( , 2018b . For this variable proportions of authors are summed when calculating volumes and are weighed when relative citation impact is aggregated to the total citation impact of an entity (Waltman & van Eck 2015) .
Methods: The analysis begins with Pearson correlation. Then cross-sectional regression is used with standardized coefficients and heteroscedastic robust standard errors and t-statistics (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Then panel regression techniques are used (2010) (2011) (2012) (2013) (2014) (2015) , including two-way random effects and two-way fixed effects with robust panel clustered standard errors to account for heteroscedasticity and serial correlation over time. Table 1 presents descriptive statistics and the Pearson correlation matrix of variables used in the analysis. Uneven data coverage in the data sets across the period results in different sample sizes for the variables. The analysis shows that the DemIndex and its sub-components, as well as Glob.Index, are correlated with FracFWCI, warranting further analysis. Table 2 The same models in Table 2 were run using Democ and Polity2 separately. Since the DemIndex had a strong Pearson correlation above 0.8 with both Democ and Polity2, we expected them to perform similarly against FracFWCI. However, neither variable was significant in any model when GlobIndex was included. Without GlobIndex both became positive/significant, where Democ had standardized coefficients on FracFWCI of between 0.26 and 0.385 depending on the year, and Polity2 had coefficients between 0.235 and 0.335. Both displayed a similar declining trend over time, like the DemIndex. Table 3 shows the random effects regression results, including robust standard errors adjusted for unit(country) cluster to account for heteroscedasticity and serial correlation. DemIndex shows a positive and significant association with FracFWCI. The sub-component, political culture, shows a stronger estimate than the other measures. Political participation and functioning of government also show significant estimates on FracFWCI. GlobIndex remains statistically significant with stable estimates across the models. Unlike Table 2 , these estimates are not standardized, and so estimates from different variables cannot be compared in terms of strength. The R-Square values indicate that the models account for between 35%-44% of the variance in FracFWCI with the PolCulture model accounting for the highest amount of variance; the variance explained by the random effects models is largely between unit rather than within unit. In addition, we replicated Model 1 in Table 3 using the Polity IV measures. Democ displayed a positive and significant estimate (coef=0.012, p=0.03), while Polity2 was not significant at (coef=0.006, p=0.08). Both became significant when removing GlobIndex. Finally, two-way fixed-effects regression with robust standard errors was used as a robustness check. Fixed-effects was not initially used because it ignores between unit(country) correlation and because the democracy variables have low-to-no variation for some countries in the time period. DemIndex performed less well (coef=0.035, p=0.155) than in the random effects models, while Democ (coef=0.019, p=0.023) and Polity2 (coef=0.015, p= 0.0011) performed better. However, when removing GlobIndex from these models, Democ and Polity2 became insignificant, suggesting an interaction effect between democracy, globalization, and scientific impact; this is the subject of future research.
Results
Conclusion
This research note tests the relationships between democracy, globalization, and science. It shows strong associations between democracy and scientific impact, controlling for globalization index, population size, number of scientific papers, and percentage of papers that are internationally co-published. This note also examined the sub-components of the democracy index, where political culture appeared to have the strongest association with science. This 
